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IN THIS CHAPTER
Background

Indexes of labor productivity, multifactor productivity, and
related measures for broad economic sectors and manu-
facturing industries are published by the Bureau of La-

bor Statistics. Quarterly and annual measures of output per
hour, together with comparable measures of compensation
per hour and unit labor costs, are maintained for business
and nonfarm business from 1947 to the present. Similar
measures are also available for manufacturing (total, durable,
and nondurable sectors) and for nonfinancial corporations.

The multifactor productivity indexes for major sectors
measure the value-added output per combined unit of labor
and capital input in private business and private nonfarm
business. Multifactor productivity indexes for aggregate
manufacturing and for 20 manufacturing industries provide
measures of sector output per combined unit of capital (K),
labor (L), energy (E), materials (M), and purchased business
services (S) inputs—KLEMS inputs.

Table 1 summarizes the availability of productivity mea-
sures for major sectors of the U.S. economy.

Table 1. Availability of productivity measures for major sectors
and subsectors of the economy

Productivity measure Input(s) Index
available

Labor productivity:

  Business Labor Quarterly
    Nonfarm business Labor Quarterly
      Nonfinancial corporations Labor Quarterly
        Manufacturing, total Labor Quarterly
          Durable Labor Quarterly
          Nondurable Labor Quarterly
Multifactor productivity:
  Private business Labor, capital Annually
    Private nonfarm business Labor, capital Annually

KLEMS   multifactor productivity:
  Manufacturing and 20 2-digit Labor, capital Annually
     SIC manufacturing industries energy, mater-
     services  ials, services
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Description of Measures

BLS publishes three sets of productivity measures for the
major sectors and subsectors of the U.S. economy, each us-
ing a distinct methodology. One measure includes labor pro-
ductivity for the major sectors of business, nonfarm busi-
ness, and nonfinancial corporations and for the subsectors
of total, durable, and nondurable manufacturing.  The sec-
ond set includes multifactor productivity for major sectors;
and the third measures multifactor productivity for total
manufacturing and 20 2-digit Standard Industrial Classifi-
cation manufacturing industries. Each set of measures in-
volves a comparison of output and input measures.

The traditional measure of labor productivity—output per
hour—was first published in 1959, and represents the cul-
mination of a long series of developments in productivity

Chapter 10.
Productivity Measures:
Business Sector and Major Subsectors

1 Includes government enterprises; multifactor productivity measures
exclude such enterprises.

2 Capital (K), labor (L), energy (E), materials (M), and purchased
business services (S) inputs.

2

1

1
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NOTE:  This Handbook chapter does not reflect the most recent methodology in the Productivity programs. For up-to-date information on the labor productivity measures that BLS publishes for the major sectors of the U.S. economy, please visit http://www.bls.gov/lpc/lpcmethods.pdf. For the latest information on Multifactor Productivity, please visit http://www.bls.gov/mfp/mprtech.pdf.
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measurement in the Bureau.1 Output, measured net of price
change and inter-industry transactions2, is compared to la-
bor input, measured as hours at work in the corresponding
sector. These measures are prepared for the business sector,
the nonfarm business sector, nonfinancial corporations, and
manufacturing, along with subsectors of durable and non-
durable goods manufacturing. These measures are avail-
able quarterly and are updated and revised eight times a
year.

The second set of measures covers multifactor productiv-
ity for major U.S. sectors.3 In these measures, output is again
measured net of price changes and inter-industry transac-
tions, but the input measure is an aggregate of hours at work
and capital service flows. These measures have been devel-
oped in recognition of the role capital growth plays in out-
put growth. They are updated annually.

Comparisons of output with a broader set of inputs con-
stitute the third set of measures.4 Because the scope of in-
dustries within manufacturing is narrower than that of the
nonfarm business sector, output in manufacturing industries
includes shipments to both other producers and final con-
sumers.5  Consistent with such an output concept is an input
measure which includes intermediate inputs.  Accordingly,
input includes labor and capital, and also energy, nonenergy
materials, and purchased business services. These measures
are available for a comprehensive set of 20 manufacturing
industries (corresponding to the 2-digit Standard Industrial
Classification (SIC) level) as well as for total manufactur-
ing. As the focus narrows to more specific industries, inter-
mediate inputs take on an increasingly important role in
productivity measurement and analysis. This set of measures
consists of annual data and is updated approximately every
2 years.

Data Sources and Estimating Procedures

Output per hour measures

Output. Real gross domestic product in the business and
nonfarm business sectors is the basis of the output compo-
nents of the major sector labor productivity and multifactor
productivity measures. These output components are based
on and are consistent with the National Income and Product
Accounts (NIPA), including the gross domestic product
(GDP) measure, prepared by the Bureau of Economic Analy-
sis (BEA) of the U.S. Department of Commerce6.

Real business sector output is an annual-weighted (Fisher-
Ideal) index.  It is constructed from the gross domestic prod-
uct (GDP) excluding the following outputs: General gov-
ernment, nonprofit institutions, paid employees of private
households, and the rental value of owner-occupied dwell-
ings.  These same exclusions are made when calculating
current dollar output for the sector.  The business sector
thereby excludes many activities where it is difficult to draw
inferences on productivity from NIPA output measures.  Such
inferences would be questionable mainly because the output
measures are based largely on incomes of input factors.  The
farm sector, which is subject to unique external forces, also
is excluded to yield the nonfarm business sector, the princi-
pal focus of many productivity studies.  Nonfinancial corpo-
rate output is similar to that of the business sector but also
excludes unincorporated businesses and those corporations
which are depository institutions, nondepository institutions,
security and commodity brokers, insurance carriers, regu-
lated investment offices, small business offices, and real es-
tate investment trusts.

Annual manufacturing indexes for both the quarterly la-
bor productivity and KLEMS multifactor productivity mea-
sures are constructed by deflating the current-dollar indus-
try value of production provided by the U.S. Bureau of the
Census with data from BEA.  These deflators are constructed
by BEA by combining data from the BLS producer price
program and other sources. The industry shipments are ag-
gregated using annual weights, and intrasector transactions

1 Trends in Output per Man-Hour in the Private Economy, 1909-58,
Bulletin 1249 (Bureau of Labor Statistics, 1959).

2 The output measures represent deliveries of final goods and services by
the sector to domestic households, investment, government and nonprofit insti-
tutions, and net exports to other countries.  These measures are gross in the
sense that neither capital consumption allowances nor purchases of capital goods
are deducted, but they are net in the sense that inter-industry transactions in
intermediate materials and services are excluded from output.  These transac-
tions are excluded to avoid double counting.  For example, the output of the
steel industry is excluded to the extent that it is incorporated in final products
such as automobiles.

3 Trends in Multifactor Productivity, 1948-81, Bulletin 2178 (Bureau of
Labor Statistics, 1983).

4 These measures were first introduced in William Gullickson and Michael
J. Harper, “Multifactor Productivity in 20 U.S. Manufacturing Industries, 1949-
83,” Monthly Labor Review, October 1987, pp. 18-28.  A similar measure for
utility services industries is in John L. Glaser, “Multifactor Productivity in the
Utility Services Industries,” Monthly Labor Review, May 1993, pp. 34-49.

5 In the more aggregate sectors, such as business and nonfarm business, the
delivery of goods to final users closely corresponds to value added or gross
product originating (GPO).  In less aggregate economic sectors, such as manu-
facturing, where inter-industry transaction represent a smaller proportion of
goods and services produced, deliveries include output which is not part of
final demand and more closely approximates a gross output measure.

6 A detailed description of the methods and procedures for estimating GNP
and GDP in current and constant dollars is given in Carol S. Carson, “GNP:
An Overview of Sources Data and Estimating Methods,” Survey of Current
Business, July 1987, pp. 103-26.  Also see Methodology Paper No. 1 “Intro-
duction to National Income Accounting” (Bureau of Economic Analysis, 1985).
The current chain-type annual-weighted quantity measures are discussed in
Allan H. Young, “Alternative Measures of Change in Real Output and Prices,”
Survey of Current Business, April 1992, pp. 32-48.  These official introduc-
tion of these measures into the National Accounts is discussed in J. Steven
Landefeld and Robert P. Parker, “Preview of the Comprehensive Revision of
the National Income and Product Accounts:  BEA’s New Featured Measures
of Output and Prices,”  Survey of Current Business, July, 1995, pp. 31-38.
Derivation of business sector output is discussed also in Jerome A. Mark,
“Measuring Single-Factor and Multifactor Productivity, Monthly Labor Re-
view, December 1986, pp. 3-11.

http://stats.bls.gov/hom/homhome.htm
http://www.dol.gov
http://stats.bls.gov
http://stats.bls.gov/hom/homhome.htm
http://www.dol.gov
http://stats.bls.gov
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are removed7.  Quarterly manufacturing output measures are
based on the index of industrial production prepared monthly
by the Board of Governors of the Federal Reserve System,
adjusted to be consistent with the annual indexes of manu-
facturing sector output prepared by BLS.

Labor input. The primary source of hours and employment
data is the BLS Current Employment Statistics (CES) pro-
gram, which provides monthly survey data on total employ-
ment and employment and average weekly hours of produc-
tion and nonsupervisory workers in nonagricultural estab-
lishments. Jobs rather than persons are counted, so that mul-
tiple jobholders are counted more than once.

The CES data are based on payroll records from a sample
of establishments in which the probability of sample selec-
tion is related to the establishment size. Data on employ-
ment, hours, and earnings are collected monthly; the refer-
ence period for these data is the payroll period including the
12th of the month. (The CES methods are described in chap-
ter 2.) Establishment data are published monthly in Em-
ployment and Earnings.

Because CES data include only nonfarm wage and salary
workers, data from the Current Population Survey (CPS)
are used for farm employment. In the nonfarm sector, the
CPS is also used for proprietors and unpaid family workers.
Government enterprise hours are developed from the Na-
tional Income and Product Accounts estimates of employ-
ment and CPS data on average weekly hours.

Separate estimates for employment and hours paid are
developed for each major sector, converted to an hours-at-
work basis. The labor input of employees of nonprofit cor-
porations are estimated based on data from the Commerce
Department’s Bureau of the Census and Bureau of Economic
Analysis and subtracted from the totals for each major sec-
tor.  Hours of labor input are treated as homogeneous units;
no distinction is made among workers with different skill
levels or wages.

For nonmanufacturing sectors, employment and average
weekly hours are computed from the CES, CPS, and NIPA
sources. Although CES data on average weekly hours refer
only to nonsupervisory workers, it is assumed for the com-
putation of hours that the length of the workweek in each
nonmanufacturing industry is the same for all wage and sal-
ary workers.

In manufacturing, separate measures for production and
nonproduction workers’ hours are derived and aggregated
to the manufacturing total. Employment and average weekly
hours for production workers and employment for
nonproduction workers are taken directly from CES data.
Average weekly hours for nonproduction workers were de-

veloped from BLS studies of wages and supplements in
manufacturing which provide data on the regularly sched-
uled workweek of white-collar employees.

In the CES, weekly hours are measured as hours paid
rather than hours at work. The Hours at Work Survey is
used to convert the hours paid of nonagricultural produc-
tion and nonsupervisory employees to an hours-at-work ba-
sis.8 Hours at work exclude all forms of paid leave, but in-
clude paid time to travel between job sites, coffee breaks,
and machine downtime. This survey of about 5,500 estab-
lishments has collected quarterly and annual ratios of hours
at work to hours paid since 1981.9 (See BLS form 2000P1 at
end of this chapter for a sample data collection form for
manufacturing industries. Form 2000N1 is a virtually iden-
tical form for nonmanufacturing industries and is not repro-
duced.) Ratios are developed for each 2-digit SIC industry
within manufacturing and for each 1-digit SIC industry out-
side of manufacturing.

Unpublished data and one-time surveys have been used
to extend the annual ratios back to 1947 as well as develop
ratios for nonproduction and supervisory workers.10 The
quarterly ratios are not currently used in the quarterly mea-
sures of labor input. Instead, a quadratic minimization for-
mula devised by Frank Denton is used to generate quarterly
ratios.11

The resultant quarterly measures are used to convert the
paid hours of nonfarm employees to an hours-at-work basis.
The estimates of hours of farm workers, proprietors, unpaid
family workers, employees of government enterprises, and
paid employees of private households are collected on an
hours-at-work basis.  These hours are only adjusted to in-
clude information on those persons who are employed but
not at work during the survey week.

Compensation and labor costs. BEA develops employee
compensation data as part of the national income accounts.
These quarterly data include direct payments to labor—wages
and salaries (including executive compensation), commis-
sions, tips, bonuses, and payments in kind representing in-
come to the recipients—and supplements to these direct pay-
ments. Supplements consist of vacation and holiday pay, all

7 A discussion of manufacturing output measures is given in William
Gullickson, “Measurement of productivity growth in U.S. manufacturing,”
Monthly Labor Review, July 1995, pp. 13-28.

8 Kent Kunze, “A New BLS Survey Measures the Ratio of Hours Worked
to Hours Paid,” Monthly Labor Review, June 1984, pp. 3-7.

9 The sample design and universe of establishments for the Hours at Work
survey are essentially the same as those used in the Current Establishments
Statistics program.  The response rate has ranged from 70 to more than 80
percent including responses obtained through computer assisted telephone in-
terviews.

10 A description of the hours at work ratios for the period 1948 through
1988 can be found in Mary Jablonski, Kent Kunze, and Phyllis Flohr Otto,
“Hours at Work: A New Base for Productivity Statistics,” Monthly Labor
Review, February 1990, pp. 17-24.

11 See Frank T. Denton, “Adjustment of Monthly and Quarterly Series to
Annual Totals: An Approach Based on Quadratic Minimization,” Journal of
the American Statistical Association, March 1971, pp. 99-102.  This method
is also used to produce quarterly ratios prior to 1981.
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other types of paid leave, employer contributions to funds
for social insurance, private pension and health and welfare
plans, compensation for injuries, etc.

The compensation measures taken from establishment
payrolls refer exclusively to wage and salary workers. Labor
cost would be seriously understated by this measure of em-
ployee compensation alone in sectors such as farm and re-
tail trade, where hours at work by proprietors represent a
substantial portion of total labor input. BLS, therefore, im-
putes a compensation cost for labor services of proprietors
and includes the hours of unpaid family workers in the hours
of all employees engaged in a sector. Labor compensation
per hour for proprietors is assumed to be the same as that of
the average employee in that sector for measures found in
the BLS news release, “Productivity and Costs.”

Multifactor productivity measures

Major sectors. The multifactor productivity indexes for major
sectors measure output per combined unit of labor and capi-
tal input in private business and private nonfarm business.
The output measures for private business and private non-
farm business are similar to the Fisher-Ideal indexes of out-
put for business and nonfarm business except that output of
government enterprises is omitted. Estimates of the appro-
priate weights for labor and capital in government enter-
prises cannot be made because subsidies account for a sub-
stantial portion of capital income.

Labor input for the multifactor productivity measures in
these sectors begins with hours at work data similar to the
hours in the quarterly labor productivity program with two
principle differences.  First, the hours of employees of gov-
ernment enterprises are excluded.  Second, the hours at work
for each of 1,008 types of workers classified by their educa-
tional attainment, work experience and gender are aggre-
gated using an annually chained (Tornqvist) index.  The
growth rate of the aggregate is therefore a weighted average
of the growth rates of each type of worker where the weight
assigned to a type of worker is its share of total labor com-
pensation.  The resulting aggregate measure of labor input
accounts for both the increase in raw hours at work and
changes in the skill composition (as measured by education
and work experience) of the work force.12

Capital inputs for the multifactor productivity measures
are computed in accordance with a service flow concept for
physical capital assets—equipment, structures, inventories,
and land. Capital inputs for major sectors are determined in
three main steps: 1) A very detailed array of capital stocks is

developed for various asset types in various industries; 2)
asset-type capital stocks are aggregated for each industry to
measure capital input for the industry; and 3) industry capi-
tal inputs are aggregated to measure sectoral level capital
input.

The asset detail consists of 28 types of equipment, 22
types of nonresidential structures, 9 types of residential struc-
tures (owner-occupied housing is excluded), 3 types of in-
ventories (by stage of processing), and land. BLS measures
of capital stocks for equipment and structures are prepared
using NIPA data on real gross investment. Real stocks are
constructed as vintage aggregates of historical investments
(in real terms) in accordance with an “efficiency” or service
flow concept (as distinct from a price or value concept). The
efficiency of each asset is assumed to deteriorate only gradu-
ally during the early years of an asset’s service life and then
more quickly later in its life. These “age/efficiency” sched-
ules are based, to the extent possible, on empirical evidence
of capital deterioration. Inventory stocks are developed us-
ing data from the NIPA. Farm land input is based on data
from the Economic Research Service of the U.S. Depart-
ment of Agriculture. A benchmark for nonfarm land is esti-
mated by applying a land-structure ratio based on unpub-
lished estimates by the Bureau of the Census to BLS esti-
mates of the value of stuctures. This benchmark is extrapo-
lated using gross stocks of structures calculated from Bu-
reau of Economic Analysis investment data. The resulting
nonfarm land data series is allocated to industries based on
Internal Revenue Service data on book values of land.13

For each industry (the BLS procedures are applied to 57
industries in the private business sector corresponding, ap-
proximately, to the 2-digit SIC level), these measures of capi-
tal stocks are aggregated using a Tornqvist chain index pro-
cedure (described below). The weight for each asset type is
based on the share of property income estimated to be accru-
ing to that asset type in each industry averaged over 2 years.
Property income in each industry is allocated to asset types
by employing estimates of the “implicit rental prices” of each
asset type.14 The implicit rental price concept is based on the
neoclassical theory of the firm and provides a framework
for deriving weights for asset-type capital stocks. Because
some asset types tend to deteriorate much more quickly than

12  See Labor Composition and US Productivity Growth, 1948-90 for a
complete description of Tornqvist aggregation of hours.

13 These methods are described in detail in Trends in Multifactor Produc-
tivity, 1948-81, appendix C.

14 The rental price formula and related methodology and data sources are
described in Trends in Multifactor Productivity, 1948-81, appendix C.  The
rental price formulas described in this publication have been modified to elimi-
nate large fluctuations due to inflation in new goods prices.  Research on this
issue is reported by Michael J. Harper, Ernst R. Berndt and David O. Wood,
“Rates of Return and Capital Aggregation Using Alternative Rental Prices,”
in Dale W. Jorgenson and Ralph Landau, Technology and Capital Forma-
tion, 1989, MIT Press, pp. 331-37.

http://stats.bls.gov/hom/homhome.htm
http://www.dol.gov
http://stats.bls.gov
http://stats.bls.gov/hom/homhome.htm
http://www.dol.gov
http://stats.bls.gov
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others and because of tax rules specific to asset types, the
real economic cost of employing a dollar’s worth of stock
varies substantially by asset type.

At the sector level, aggregate capital input is obtained by
further chained (Tornqvist) aggregation of each industry’s
capital input using each industry’s two-period average share
of total capital income as weights.

Once the sector’s capital input is measured, total input is
computed by aggregating capital and labor. For each input,
the weight is the input’s share of total costs and is derived
from NIPA data on the components of nominal gross prod-
uct originating (GPO) by industry. At both the sector and
the industry levels, labor costs are measured as compensa-
tion to employees (wages, salaries, and supplements) plus a
portion of noncorporate income.15 Most other components
of nominal GPO are assigned to capital.16 The exception is
those indirect taxes which are not assigned either to capital
or labor (notably sales and excise taxes). Thus total cost is
less than GPO by an amount equal to these taxes.  Labor and
capital shares in total cost are computed and then used in
the aforementioned aggregation of capital and labor.17 Fi-
nally, major sector multifactor productivity indexes are cal-
culated as the ratio of output to input.

Manufacturing industries. Multifactor productivity indexes
for aggregate manufacturing and for 20 manufacturing in-
dustries also measure output per unit of input. In this case,
input is a weighted aggregate of capital, labor, energy,
nonenergy materials, and purchased business services in-
puts.18

For these multifactor productivity manufacturing mea-
sures, output is the deflated value of production, adjusted
for inventory change,  shipped to purchasers outside of the
industry and not just final users.  Hence, it differs from the
output measures used for the major sector multifactor pro-

ductivity indexes. Capital is measured as it is for the major
sector multifactor productivity indexes; rental prices of capi-
tal are computed for each industry. However, labor is mea-
sured as a direct summation of hours at work rather than as
the Tornqvist index method used in the major sector multi-
factor productivity measures.

The inclusion in the industry multifactor productivity
measures of all intermediate inputs—energy, nonenergy
materials, and purchased business services—is consistent
with the use of total value of production as the output mea-
sure. Energy input is constructed using data on the price
and quantity of fuels purchased for use as heat or power.
Nonenergy materials input includes all commodity inputs
exclusive of fuels but inclusive of fuel-type inputs used as
raw materials in manufacturing. The measures of purchased
business services are constructed using price and value data
on services purchased by manufacturing industries from ser-
vice industries. Data sources used in constructing these three
inputs include input-output tables, surveys of establishments
in manufacturing and other industries, and price indexes.

Total input is computed from components as a Tornqvist
chain index number series. The weight for each input is its
share in total input cost. The multifactor productivity indus-
try measures are available for 1949 to the present.

Analysis and Presentation

Indexes of labor productivity show changes in the ratio
of output to hours of labor input. Similarly, indexes of mul-
tifactor productivity show changes in the ratio of output to
combined inputs. However, these indexes should not be in-
terpreted as presenting the contribution of the particular in-
put, or combination of inputs, to production. Rather, changes
over time in the output, labor input, or combined input mea-
sures underlying these productivity indexes may reflect the
influence of other factors including variations in the char-
acteristics and efforts of the work-force, changes in the mana-
gerial skill, changes in the organization of production,
changes in the allocation of resources between sectors, the
direct and indirect effects of R&D, and new technology.

Compensation and labor costs
Indexes of compensation per hour measure the hourly

cost to employers of wages and salaries, as well as supple-
mental payments, which include employers’ contributions
to Social Security, unemployment insurance taxes, and pay-
ments for private health insurance and pension plans. Mea-
sures of real compensation per hour reflect the adjustment
of hourly compensation for changes in the Consumer Price
Index for All Urban Consumers (CPI-U).

15 Noncorporate income is allocated to labor and capital costs in each year
using the following assumption:  Initially self-employed persons are assumed
to receive the same hourly compensation as employees and the rate of return to
non-corporate capital is assumed to be the same as in the corporate sector.
Based on these assumption, the resultant income of proprietors is adjusted to
match proprietors income reported in the GPO data by scaling proportionately
the hourly compensation of the self-employed and the noncorporate rate of
return..  This treats any apparent excess or deficiency in noncorporate income
neutrally with respect to labor and capital.

16 Capital costs are the sum of 1) the balance of noncorporate income, 2)
corporate profits, 3) net interest, 4) rental income, 5) adjusted capital con-
sumption allowance, 6) inventory valuation adjustments, and 7) portions of
indirect taxes assumed to be associated with capital (notably motor vehicle and
property taxes), 8) the sum of business transfers and government subsidies.

17 Excluding these indirect business taxes from the calculation of factor
shares has the effect of assuming the incidence of these taxes are neutral with
respect to capital and labor income.

18 An explanation of the methods and some results are presented in William
Gullickson and Michael J. Harper, “Multifactor Productivity in U.S. Manu-
facturing, 1949-83,” Monthly Labor Review, October 1987, pp. 18-28.
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Unit labor costs measure the cost of labor input required
to produce one unit of output and are derived by dividing
compensation in current dollars by the output index. Unit
nonlabor payments measure the cost of nonlabor items such
as depreciation, rent, interest, and indirect business taxes,
in addition to corporate profits and profit-type income of
proprietorships and partnerships.

Unit labor and nonlabor costs
The Bureau also prepares data on labor and nonlabor costs

per unit of output for the business sector and its major com-
ponents. Unit labor costs relate hourly compensation of all
persons to output per hour and are defined as compensation
per unit of real output. Nonlabor payments are the excess of
current-dollar output in an economic sector over correspond-
ing labor compensation, and include nonlabor costs as well
as corporate profits and the profit-type income of propri-
etors. Nonlabor costs include interest, depreciation, rent, and
indirect business taxes.

In aggregate sectors, productivity changes through time
reflect movements within the various component industries
as well as shifts in the relative importance of each of the
industries. For example, changes in labor productivity and
multifactor productivity are influenced by the relative shift
of inputs (labor and capital) from low- to high-productivity
industries and by productivity changes in the component
subsectors.19

Short-term movements in productivity and unit labor costs
often result from cyclical variation in output, as noted be-
low, and may also reflect unusual events such as drought.
These short-term movements are sometimes substantially
greater or smaller than long-term averages of productivity
and cost movements. For example, productivity growth for
1 or 2 years can be substantially greater than the average for
the business cycle that includes these years.

Availability of results
Indexes of output per hour, compensation per hour, and

related cost data are published twice each quarter in the BLS
news release, “Productivity and Costs.” In addition, quar-
terly and annual analyses are published from time to time in
the Monthly Labor Review. Historical indexes of these and
related data are available on request, as are detailed descrip-
tions of data sources and computational procedures.

Multifactor productivity measures are announced each
year in the news release, “Multifactor Productivity Trends.”
Included are annual indexes of multifactor productivity, capi-
tal inputs, and related measures for private business, private
nonfarm business, and manufacturing.

Indexes of productivity and related cost data are avail-
able monthly in Monthly Labor Review, and can be accessed
through the BLS homepage at http://www.bls.gov on the
Internet.  These sources also include data from the multifac-
tor and KLEMS productivity measures.

Information on trends in KLEMS productivity in manu-
facturing and the ratio of hours at work to hours paid is
available on request from the Bureau.

Calculation Procedures

Labor productivity
Labor productivity, or output per hour, is computed as:

Labor productivity = (Output index) / (Hours of labor input)
or

P = O / H
The computation of labor compensation per hour paral-

lels the computation of output per hour. Unit labor costs
(ULC) are computed as labor compensation (C) per unit of
output, but are often represented as:

                           ULC = (C / H) / (O / H)

This form highlights the relationships between unit labor
costs, hourly compensation, and labor productivity.

Real compensation per hour (RC) is computed as hourly
compensation deflated by the seasonally adjusted Consumer
Price Index for All Urban Consumers (CPI-U):

RC = (C / H) / CPI-U

Unit nonlabor payments (UNLP) include all nonlabor
components of gross product originating in a given sector—
depreciation, rent, interest, and indirect business taxes as
well as profits and profit-type income—whereas unit
nonlabor cost (UNLC) excludes profit. These measures are
computed as:

UNLP = (CU - C) / O

and

UNLC = (CU - C - PR) / O

where:
CU is current-dollar output,

C is current-dollar compensation,
O is the output index, and

PR is current-dollar profits.

19 The farm-nonfarm shift is examined in some detail by J.R. Norsworthy
and L.J. Fulco in “Productivity and Costs in the Private Economy,” Monthly
Labor Review, June 1974, pp. 3-9.

http://stats.bls.gov/hom/homhome.htm
http://www.dol.gov
http://stats.bls.gov
http://stats.bls.gov/hom/homhome.htm
http://www.dol.gov
http://stats.bls.gov
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Labor’s share in current dollar output in a given sector is
simply the ratio of labor compensation paid in that sector to
current dollar output:

LS = C / CU

and, analogously, the nonlabor or capital share is defined as:

NLS = (CU - C) / CU = 1 - LS.

Most of the measures noted above are presented quar-
terly in index form. Indexes are computed from basic data
or analytic ratios by dividing the series by its own base year
annual value (presently 1992) and multiplying by 100. In
addition, quarterly percent changes at a compound annual
rate and percent changes from the same quarter in the pre-
vious year are computed:20

Q
t
 = 100 (V

t
 / V

t-1
) 4 - 100

Y
t
 = 100 (V

t
 / V

t-4
) - 100,

where:

t is a time subscript denoting the quarter,
V is a series described above,
Q

t
is the quarterly percentage change in series V
from quarter t-1 to quarter t, measured at a
compound annual rate,

Y
t

is the percentage change in series V from
quarter t-4 (the same quarter 1 year before) to
quarter t.

Indexes and percent changes are published to one deci-
mal point. In order not to lose precision, all computations
are made from the underlying measures themselves rather
than from the published indexes.

Multifactor productivity
BLS aggregates inputs for its multifactor productivity

measures using a Tornqvist chain index. Some of the ba-
sic properties of this index are: It is calculated as a
weighted average of growth rates of the components; the
weights are allowed to vary for each time period; and the
weights are defined as the mean of the relative compen-
sation shares of the components in two adjacent years.
Hence, the growth rate of the index (I) for major sectors
is the proportional change over time (the triangle (delta)

refers to discrete change with respect to time), such that:

% ∆ I = exp( ∆ ln I) =
exp{ 1/2 *  [ sk(t) + sk(t-1)] ∆ ln K
+ 1/2  * [ sl(t) + sl(t-1)] ∆ ln L}

where   sl(t) = labor costs(t)/total costs(t)
    and   sk(t) = capital costs(t) / total costs(t)

Similarly, both capital, K, and labor, L are Tornqvist in-
dexes. Each is a weighted average of the growth rates of
detailed types of capital, ki, and labor inputs, li, respectively.

% ∆ K = exp ( ∆ ln K)
= exp{ Σi 1/2 * [ ski(t) + ski(t-1)] ∆ ln ki}

where ski(t) = cki(t) * ki(t)/ total capital costs
and where cki(t) is the rental price for capital asset ki.

% ∆ L = exp ( ∆ ln L)

= exp{ Σi 1/2 * [s li (t) + sli (t-1)] ∆ ln li}

where sli (t) = wli (t) * l i(t)/ total capital costs
and wli (t) is the hourly compensation for worker group li.

Changes in the index of labor composition, LC, are de-
fined as the difference between changes in the aggregate
labor input index, L, and the simple sum of the hours of all
persons, H.

% ∆ LC  = exp (∆ ln LC)  =  exp (∆ ln L  -  ∆ ln H)

The Tornqvist index for major sector multifactor produc-
tivity growth, A, is:

% ∆ A  = exp (∆ ln A)  = exp(∆ ln Q - ∆ ln I)

where Q is the Fisher-Ideal index of sector output as mea-
sured by BLS.

For manufacturing and the 20 industries which comprise
manufacturing, aggregate input has a conceptually similar
definition except that there are 5 inputs rather than just the
2 used in the major sector measures.

% ∆ I = exp (∆ ln I) =
exp{1/2 * [sk(t) + sk(t-1)) ∆ ln K
+ 1/2 * [sl(t) + sl(t-1)] ∆ ln L

+ 1/2 * [se(t) + se(t-1)] ∆ ln E
+ 1/2 * [sm(t) + sm(t-1)] ∆ ln M
+ 1/2 * [ss(t) + ss(t-1)] ∆ ln S}

20 The estimation of quarterly (or subannual) changes at compound annual
rates as the differences between movements in the underlying series involves
approximations.  For changes in the neighborhood of 1 or 2 percent, these
approximations are good; however, the inexactness of these approximations is
amplified by relatively large changes in the economic measures such as those
experienced during periods of inflation, sharp recession, and rapid recovery.

Since most of the productivity and costs measures are reported as percent-
ages to one decimal place, e.g., 2.6 percent, questions sometimes arise because
the greater precision carried in the automated computation results in differ-
ences in related measures in the final decimal place.
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where    L = total hours at work
sl(t) = labor costs(t)/total costs(t)
sk(t) = capital costs(t) / total costs(t)
se(t) = energy costs(t)/total costs(t)

sm(t) = materials costs(t) / total costs(t)
ss(t) = purchased business services costs(t) /

  total costs(t)

and total costs are the current dollar value of shipments ad-
justed for inventory change.

Using this definition for aggregate input, multifactor pro-
ductivity for manufacturing or any of the 20 industries which
comprise manufacturing is identically defined as above.

% ∆ A  = exp (∆ ln A) = exp( ∆ ln Q - ∆ ln I)

where Q is a Tornqvist output index developed by BLS.

Uses and Limitations

Measures of output per hour (labor productivity), output
per unit of capital (capital productivity), and output per com-
bined unit of multifactor input (multifactor productivity) and
related measures of costs are designed for use in economic
analysis and public and private policy planning. The data
are used in forecasting and analysis of prices, wages, and
technological change.

The labor productivity, multifactor productivity, and re-
lated cost measures are useful in investigating the relation-
ships between productivity, wages, prices, profits, and costs

of production. As noted above, gross domestic product rep-
resents the sum of all production costs: labor compensation,
profits, depreciation, interest, rent, indirect business taxes,
and other minor items. Unit labor costs, or compensation
per unit of output, represent a major portion of total unit
costs and reflect the combined effect of changes in output
per hour and compensation per hour; thus, an increase in
compensation per hour tends to increase unit labor costs while
an increase in output per hour tends to reduce them, other
things being equal. Therefore, through its impact on unit
labor costs, output per hour is an important element in the
wage-price relationship because it is an indicator of the ex-
tent to which compensation gains can occur without putting
pressure on prices or reducing payments to other input fac-
tors.

Certain characteristics of the productivity and related cost
data should be recognized in order to apply them appropri-
ately to specific situations. First, the data for aggregate sec-
tors reflect changes within various constituent industries as
well as shifts in the relative importance of these industries:
a portion of labor productivity growth from 1947 to the mid-
1960s is attributable to the shift of workers from farm to
nonfarm occupations. Second, the relationships among vari-
ables are often difficult to identify over short time periods.
Third, data and other resources available for their prepara-
tion somewhat limit the productivity, output, compensation,
and employment measures which can be constructed. In sev-
eral sectors where output is difficult to define in a satisfac-
tory way, productivity measures are correspondingly weak.
Examples are the construction industry and the financial
services sector, where output is an imputed value of labor
and other inputs. The productivity and costs measures for
these sectors should be interpreted with caution.
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